There is little information about the impact of anthelminthic treatment on clinical symptoms other than seizures in neurocysticercosis (NC). We investigated the effect of albendazole on non-seizure symptoms experienced by patients with NC.
Introduction
Neurocysticercosis (NC) is an infection of the central nervous system (CNS) with the larval stage of the tapeworm Taenia solium. It is the most common helminthic infection of the CNS and is endemic in most countries of Latin America, Asia and sub-Saharan Africa.
1,2 NC is a serious public health problem in many low-and middle-income nations as well as in high-income nations with substantial immigration from endemic countries. 3 Designated as an emerging infection by the US Centers for Disease Control and Prevention (CDC), 4 NC accounts for more than 1000 diagnosed cases per year in the USA. 5 The larval form of the parasite has an affinity for CNS tissue in humans and is a major cause of neurological morbidity and mortality in endemic countries. 6 NC is possibly the most heterogeneous infection of the CNS, with a wide variety of clinical manifestations, and may be fatal or completely asymptomatic. While seizures are often reported to be the most common symptom associated with NC, 6 previously published results from the data for this paper from the Ecuadorian Neurocysticercosis Group (ENG) found that the most common presenting symptom was headache, followed by seizures; gastrointestinal (GI) symptoms, including nausea, abdominal pain and/or vomiting; equilibrium and/or gait disturbances; vision problems, including double vision and/or other visual symptoms; depression and/or anxiety and memory loss and/or confusion. 7 Randomized controlled trials (RCTs) have found treatment with anthelmintic drugs such as albendazole to be effective in causing the death of the parasite and resolving active cysts located in the parenchyma and therefore this treatment has become standard care for NC. 8 However, there is little information about the impact of albendazole on clinical symptoms associated with the disease. [8] [9] [10] [11] [12] One meta-analysis examining the treatment of parenchymal solitary cysticercus granuloma with albendazole found improved rates of seizure freedom and more rapid resolution of the granuloma. 13 Another meta-analysis of trials looking at the impact of anthelmintic treatment on NC-related seizures suggested that the treatment is 'probably effective' in decreasing long-term seizure frequency in patients with parenchymal NC. 8 Two studies, including one from the ENG trial, found a lower number of seizures with generalization following treatment with albendazole compared with placebo, but no difference in the number of seizures overall or the number of seizures without generalization. 14, 15 However, a differential impact of albendazole on generalized vs partial seizures does not seem to be biologically plausible given our current understanding of the causes of seizures in patients with NC, and the explanation for this finding is not yet known. 14 The lack of association of albendazole with seizures without generalization could be due to small sample sizes and low statistical power.
There is almost no information about the potential impact of anthelmintic treatment on non-seizure symptoms. The ENG trial looked at differences by treatment arm for a few common or severe symptoms (headache, gastrointestinal symptoms and intracranial hypertension) up to 1 month post-treatment and found no significant difference between those treated with albendazole vs placebo. 7 Another study found that albendazole was associated with an increased proportion of patients with encephalopathy and hospital readmission among those treated with albendazole plus steroids vs placebo at 3 months (30% vs 10%; χ 2 p<0.01) and 1 y (1.35% vs 0.66%; χ 2 p=0.05). 16 However, the numbers for these comparisons are small (at 1 y, only three patients experienced encephalopathy, two in the albendazole group), the study was not double-blinded and significance testing was done with χ 2 tests rather than exact tests, which might be misleading. A better understanding of the clinical impact of albendazole treatment for NC will enable clinicians to make better treatment decisions with their patients. Therefore the aim of this study was to evaluate the impact of albendazole treatment (plus steroids) vs placebo (plus steroids) for NC on non-seizure symptoms over a 2-year follow-up period using data from the ENG trial.
Materials and methods

Study design
The ENG RCT, from which the data for this study come, has been previously described (ClinicalTrials.gov identifier: NCT00283699). 7, 14, [17] [18] [19] [20] Briefly, the study was a randomized, double-blind, placebocontrolled trial conducted among 173 patients with newly diagnosed symptomatic NC seeking care in one of six hospitals in Ecuador. Eligible participants were those who presented with new onset of NC-associated symptoms within the past 2 months and had active and/or transitional NC cysts present on computed tomography (CT) or magnetic resonance imaging (MRI). Patients with calcified cysts who also had either active and/or transitional cysts were also eligible for the study, but those with only calcified cysts were not eligible. In addition, those who were pregnant or had active tuberculosis, syphilis, papilledema, ocular cysticercosis, active ulcers or any progressive or life-threatening disorder were ineligible. Patients who had received treatment for NC during the past year or who had undergone systemic treatment with steroids within 30 d of presentation were also ineligible for this study; also, midway through the study, patients who already had a ventricular shunt were excluded due to safety concerns.
Participants included in this study received albendazole 400 mg (n=86) or placebo (n=87), given orally (directly observed) every 12 h for 8 d. All participants received prednisone 75 mg daily for 8 d, which was then tapered over 2 weeks. For patients weighing <50 kg, the doses of albendazole and prednisone were reduced in a standardized manner. Patients were also given symptomatic treatment, described elsewhere. 7 Patients were followed for 24 months, with follow-up visits occurring at months 1, 2, 3, 4, 5, 6, 9, 12, 15, 18 and 24.
Measures
At baseline and each follow-up visit, symptoms were assessed by a nurse using a standardized questionnaire in which patients were asked to report the presence, frequency, and severity of any symptoms they had experienced in the past 2 months (at baseline) or since the previous interview (at follow-up) through the reading of a symptom checklist, after which participants were asked if they had experienced any other symptoms that were not included in the list. Symptoms on the list were thought to be potentially related to the NC or to treatment for NC and therefore we wanted a baseline assessment to describe the symptomatic profile of NC patients and to track changes over time.
For the present analysis, the two primary outcomes examined were experiencing any symptom over the follow-up (including seizures) or any non-seizure symptom. In addition, we looked at the six most common symptoms reported at baseline for which we might have sufficient statistical power to find a difference and which have been shown in the past to be associated with NC, including headaches, 21, 22 limb weakness 23, 24 or gait disturbances, 25, 26 anxiety and/or depression, [27] [28] [29] problems with vision (double vision and/or other vision difficulties), 21, 22 GI symptoms (vomiting, nausea and/or stomach pain) 22, 26, 30 and memory loss and/or confusion. 21, 28, 31 Time periods for symptom endpoints were categorized into months 1-12, months 13-24 and months 1-24, as has been done in previous studies. 14, 15 We looked at each symptom in three ways: (1) as a dichotomous indicator for having experienced the symptom at any time during the follow-up period being examined, (2) as a count of the number of follow-up visits (months 1, 2, 3, 4, K. Thapa et al. 5, 6, 9, 12, 15, 18 and 24) during which the patient reported having experienced the symptom at least once since their previous followup visit and (3) as the time to first experiencing the symptom following treatment.
Statistical analysis
We describe the symptoms experienced by the NC patients at baseline and over the follow-up. Pearson's χ 2 or Fisher's exact (when expected cell counts were <5) tests were used to assess the statistical significance of the association between having a symptom at baseline and having it during each follow-up period.
Data were analysed in an intention-to-treat approach to take advantage of the prevention of confounding from the randomization. Logistic regression (presence of the symptom during follow-up), negative binomial regression (number of follow-up visits at which the patient reported having the symptom), and Cox proportional hazards (time from treatment to first experience of the symptom during follow-up) models were used to determine the association between treatment and the odds, frequency and hazards of having each symptom examined, respectively, over time.
Overall, at 24 months, 59.1% (52/88) of patients randomized to albendazole and 58.9% (53/90) of patients randomized to placebo had at least some missing data either due to loss to follow-up or to missing a study visit; those with missing data were excluded from complete case analyses for all regression models. In order to ensure that our results were not due to missing data, which can decrease statistical power as well as bias associations, we used multiple imputation to address missing data and reran the logistic regression models with the imputed data. As there is no published literature on predictors of experiencing non-seizure symptoms in NC, the variables used to impute data were those that have been found to predict seizures, 14, 18 as well as some that seemed clinically plausible predictors of each symptom. These variables included participant's age, sex, treatment assignment, total number of cysts at baseline and presence of the symptom at baseline. Using Rubin's procedure, five imputations were performed and the logistic regression models were then rerun with the missing data replaced with the imputed values. 32 All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC, USA).
Results
Description of symptoms
All participants experienced some clinical symptom at baseline, as this was an eligibility criterion. Overall, 85% (147/173) of patients reported at least one non-seizure symptom at baseline. At baseline, the most commonly occurring non-seizure symptoms were as follows: headaches, 72% (124/173); GI symptoms, 34% (58/173); limb weakness and/or gait problems, 26% (44/171); anxiety and/or depression, 17% (30/173); double vision and/or other vision difficulties, 17% (30/172); memory loss and/or confusion, 16% (27/ 171). Results regarding seizures for this study have been described elsewhere.
14 By the end of the 24-month follow-up period, all patients (104/104 with complete follow-up) had experienced some symptoms during follow-up and 88% (91/104) had experienced at least one non-seizure symptom. There was no significant association between having experienced any symptoms at baseline and experiencing the same symptom during follow-up; however, with the exception of headaches, there was a pattern for a higher proportion of those who had not reported the symptom at baseline to report it during follow-up compared with those who had reported the symptom at baseline ( Table 1) .
Effect of albendazole treatment on symptom frequency
In the negative binomial regression models, there were no significant treatment effects on the frequency of any symptoms ( Table 2 ).
Effect of albendazole on the odds of having a symptom over follow-up
In the logistic regression models, those who received albendazole treatment had 0.42 times lower odds of memory loss and/or confusion over the 24-month follow-up compared with those who received placebo (95% confidence interval [CI] 0.19 to 0.95). The association remained in the model with missing data imputed (months 1-24 OR 0.47 [95% CI 0.22 to 0.99]). In addition, those treated with albendazole had 1.87 times greater odds of anxiety and/or depression during months 1-12 follow-up (OR 1.87 [95% CI 1.01 to 3.53]) compared with those in the placebo group in the model with imputed data. There were no other significant associations between treatment and odds of having a symptom during follow-up in the logistic regression models (Table 3) .
Effect of albendazole on time to symptom over follow-up
There were no significant associations between treatment and time to symptom over follow-up in any of the Cox proportional hazards models (Table 4) .
Discussion
There is almost no research describing the clinical symptoms experienced by those presenting with NC. The one exception is seizure, which has been investigated in a few studies, 33 but those infected with NC can present with a number of different symptoms. 6 In this study, we describe these symptoms in a cohort of 173 patients with new-onset symptoms and NC diagnosed with CT or MRI. We found that headache was the most common symptom experienced, followed by seizure, which is not consistent with the literature, which describes seizure as the most common presenting symptom. 6 Symptoms experienced likely depend on the location of the parasites: seizure is the most frequent symptom in the parenchymal forms of NC, but headache is most frequent in the extraparenchymal forms. 3 In addition, we found that the majority of patients with NC experienced continued or new-onset symptoms over follow-up, despite treatment with steroids (which all those in this study received) and treatment for the symptoms reported when appropriate. Furthermore, the probability of experiencing a specific non-seizure symptom during follow-up was, in most cases, unrelated to whether or not that symptom was reported at baseline.
Transactions of the Royal Society of Tropical Medicine and Hygiene There is also little research on the impact anthelmintic treatment for NC has on clinical symptoms over long-term follow-up, with only a few studies looking at seizure [14] [15] [16] and one study also examining the frequency of encephalopathy (headache/vomiting/ altered sensorium). 16 In this study we examined additional clinical symptoms and investigated the association of albendazole to headache and nausea/vomiting separately. We found that there was little difference in the symptoms experienced during the 24 months following treatment with albendazole vs placebo. There were a few significant associations found, specifically a reduced odds of memory loss and/or confusion among those in the albendazole group (both with and without multiple imputation), as well as higher odds of anxiety and/or depression when the missing data were imputed. The decrease in memory loss and/or confusion could be related to the decreased number of generalized seizures previously reported for the albendazole group in this study. 14 As with all longitudinal studies, missing data were a concern, as this can reduce statistical power and bias results. In an RCT, this can also lead to an imbalance of risk factors that were initially balanced through random assignment to a treatment group. Therefore, a strength of the current analysis is the use of multiple imputation for the logistic regression models to determine how sensitive our findings were to missing data. In most cases, the analysis with imputed data gave similar results to those found with complete case analysis, which were mostly null. In the case of memory loss and/or confusion, the imputed results were consistent with the complete case analyses. Nonetheless, because of the lack of research on predictors of non-seizure symptoms in NC patients, we did not have abundant information about what variables to use to impute data. In addition, we considered data from the entire 24-month period of the trial as well as two different time periods (1-12 months and 13-24 months) to see if treatment effects might be time specific. We found no such pattern.
There are limitations to this study that need to be considered in its interpretation. The symptoms we included in these analyses were those most commonly reported by the patients and may include some related to NC disease as well as some unrelated to the disease but which we asked about, as they might be related to treatment. We expected that this difference in aetiology would become apparent in the analysis, with those associated with NC decreasing more over time in the treatment group, those related to albendazole increasing over time in the treatment group and spurious symptoms unrelated to NC and albendazole not being associated with the treatment group. The fact that we found null associations for most analyses could be because treatment does not impact the clinical profile of NC or because the symptoms we Transactions of the Royal Society of Tropical Medicine and Hygiene looked at were not related to NC or its treatment. However, it is also possible that these null results are due to a lack of statistical power. This study only included 173 patients and therefore may have had an insufficient sample size to find small associations. Furthermore, while we excluded patients with active tuberculosis, syphilis, papilledema, ocular cysticercosis, active ulcers or any progressive or life-threatening disorder, some of the symptoms that we investigated may have been associated with coexisting medical conditions that were undiagnosed or unmeasured. In addition, symptoms were based on self-reports by patients, which may introduce recall bias and misclassification of the symptom. Because treatment was assigned randomly and the patients and their clinicians were blinded, this misclassification would likely be non-differential by treatment status and thus would likely bias the results towards the null, further reducing statistical power. In addition, loss to follow-up and missing data also have the effect of reducing statistical power and could lead to bias, although we tried to address this through multiple imputation for the logistic regression models. However, multiple imputation assumes that the data are missing at random and it is a possibility that data were not missing at random due to unmeasured factors. Furthermore, we conducted a large number of analyses, so the few significant associations that we found may be type I errors (i.e., rejecting the null hypothesis when it is true). And finally, it is possible that the mostly null findings were due, at least in part, to the steroid treatment given to participants in both treatment groups, which may have had the effect of decreasing symptom frequency or severity equally in both groups, although the high frequency of symptoms reported over the follow-up makes this seem unlikely. Despite these limitations, this is one of the first papers to report on the diversity and frequency of non-seizure symptoms experienced by NC patients over a long-term follow-up period and to assess whether these non-seizure symptoms differ by treatment. Our findings mostly suggest no or small (and undetectable in our sample) differences in the symptomatic profile of NC patients over time by treatment, suggesting that better clinical management of the disease is needed to improve quality of life for these patients. Future research on the impact of treatment on NC symptoms is needed with larger samples of NC patients to determine if our null results are real or due to insufficient power and if our few significant associations are real or type I errors. A meta-analysis combining data across completed treatment trials might be the only way to gain a better understanding of the impact treatment has on NC symptoms, as anthelmintic treatment is now the standard care for NC and additional placebo-controlled trials are unlikely to be conducted.
Conclusions
While the prevalence of non-seizure symptoms was extremely high in this cohort of patients both before and after treatment, there was little difference in the non-seizure symptoms experienced by NC patients over 24 months in those treated with albendazole vs those treated with placebo. Albendazole treatment was associated with a decrease in the probability of memory loss and/ or confusion and an increase in the probability of anxiety and/or depression, but there was no clear pattern for these associations over time or across different ways of looking at the outcome (presence of symptom, time to symptom or number of follow-up visits at which the symptom was reported). While anthelmintic treatment is the standard of care in treating patients with parenchymal viable NC, the clinical benefits of this treatment are not clear in terms of addressing non-seizure symptoms and further research is needed to identify more effective treatment and management of NC to reduce the burden of clinical symptoms. 
